Background: Noninvasive positive-pressure ventilation (NIPPV) use has increased in the treatment of patients with respiratory failure. However, despite decreasing the need for intubation in some patients, there are no data regarding the risk of intubation-related complications associated with delayed intubation in adult patients who fail NIPPV. The objective of this study is to evaluate the odds of a composite complication of intubation following failed NIPPV compared to patients intubated primarily in the medical intensive care unit (ICU). Methods: This is a single-center retrospective cohort study of 235 patients intubated between 1 January 2012 and 30 June 2013 in a medical ICU of a university medical center. A total of 125 patients were intubated after failing NIPPV, 110 patients were intubated without a trial of NIPPV. Intubation-related data were collected prospectively through a continuous quality improvement (CQI) program and retrospectively extracted from the medical record on all patients intubated on the medical ICU. A propensity adjustment for the factors expected to affect the decision to initially use NIPPV was used, and the adjusted multivariate regression analysis was performed to evaluate the odds of a composite complication (desaturation, hypotension, or aspiration) with intubation following failed NIPPV versus primary intubation. Results: A propensity-adjusted multivariate regression analysis revealed that the odds of a composite complication of intubation in patients who fail NIPPV was 2.20 (CI 1.14 to 4.25), when corrected for the presence of pneumonia or acute respiratory distress syndrome (ARDS), and adjusted for factors known to increase complications of intubation (total attempts and operator experience). When a composite complication occurred, the unadjusted odds of death in the ICU were 1.79 (95% CI 1.03 to 3.12). Conclusions: After controlling for potential confounders, this propensity-adjusted analysis demonstrates an increased odds of a composite complication with intubation following failed NIPPV. Further, the presence of a composite complication during intubation is associated with an increased odds of death in the ICU.
Background
The use of noninvasive positive-pressure ventilation (NIP PV) for acute respiratory failure has increased over the last two decades [1, 2] and has shown a benefit in the treatment of acute respiratory failure due to chronic obstructive pulmonary disease (COPD), congestive heart failure (CHF), and in immunocompromised patients [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Data for the use of NIPPV for other causes of acute respiratory failure such as asthma, pneumonia, or acute respiratory distress syndrome (ARDS) are scant [13, 14] . Despite the lack of evidence, NIPPV is still often used in these conditions [2] , while outcomes data such as mortality, rate of intubation, and other complications following the use of NIPPV for the treatment of respiratory failure are concerning [2, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
While NIPPV use has been shown to decrease the need for intubation in patients with respiratory failure regardless of etiology, there are no data regarding the risk of intubation-related complications associated with delayed intubation in adult patients who fail NIPPV. Several studies have demonstrated an increase in mortality with delayed intubation after failed NIPPV in acute respiratory failure and after failed extubation [1, 15, 17, 18] . Given the limited physiologic reserve and high risk of hypoxemia, hemodynamic deterioration, and even cardiac arrest with intubation in critically ill patients [24] [25] [26] [27] [28] [29] [30] , complications experienced with delayed intubation in these patients may partially explain the mechanism for the increased mortality seen with failed NIPPV requiring intubation. While hemodynamic deterioration, hypoxemia, and aspiration are risks of intubation in all critically ill patients, this study seeks to evaluate if intubation after failed NIPPV increases this risk when compared to patients intubated in the medical intensive care unit (ICU) without a trial of NIPPV. Some of the results of this study have previously been presented in abstract form [31] .
Methods

Study design
This is an observational study comparing patients intubated after failed NIPPV versus those patients intubated without undergoing a trial of NIPPV. The failed NIPPV group includes all patients intubated after initially undergoing NIPPV prior to intubation identified in our continuous quality improvement (CQI) database from 1 January 2012 to 30 June 2013. The primary intubation group was selected from the CQI database for comparison. This project was reviewed and approved by the university's institutional review board.
Setting and population
This study was conducted at a major academic referral center with a 20-plus bed medical ICU, which is staffed by two teaching teams. This ICU service is affiliated with ACGMEaccredited 3-year pulmonary/critical care medicine (Pulm/ CCM) and 2-year critical care medicine (CCM) fellowship programs with a total of 16 fellows. Each teaching team is staffed with an attending (Pulm/CCM or CCM), a fellow (postgraduate year (PGY) 4 to 6), and resident (internal medicine PGY 1 to 3 and emergency medicine PGY 2) physicians. Occasionally, fellows from anesthesiology or surgical critical care fellowships rotate through the medical ICU service. All intubations are performed under attending supervision. For the duration of the study period, direct laryngoscopes were available in all sizes of Macintosh and Miller blades. Video laryngoscopes were available throughout the entire study period and are the preferred device used in the medical ICU. The following video laryngoscopes were available during the study period: GlideScope (GVL) (Verathon, Bothell, WA, USA) with both reusable and disposable blade configurations in sizes 3 and 4, and the C-MAC (Karl Storz, Tuttlingen, Germany) with Macintoshtype blade sizes 3 and 4. In addition to direct and video laryngoscopes, flexible fiber-optic bronchoscopes are available and occasionally chosen as the initial device for suspected anatomically difficult airways.
Selection of participants
All patients intubated on the medical ICU service are recorded in a CQI database. Following each intubation, the operator completes a data collection form, which includes information regarding patient and operator demographics, circumstances of the intubation including presence and duration of NIPPV therapy prior to intubation, indication for intubation, devices and pharmacologic agents used for intubation, presence of certain difficult airway characteristics (DACs), pre-oxygenation methods, the number of attempts at intubation, the outcome of each attempt, and complications. All patients intubated after failing NIPPV for acute respiratory failure were included in the study and compared to patients intubated without a trial of NIPPV. Since cardiac arrest patients were not eligible for consideration for NIPPV, they were excluded from this analysis.
Methods of measurement
The following information was extracted from the patients' medical record: pre-and post-intubation vital signs, preand post-NIPPV and intubation blood gas data, severity of illness (simplified acute physiology score (SAPS II) and acute physiology and chronic health evaluation (APACHE II and IV)) at the time of intubation, and outcomes data including ventilator days and ICU mortality. Patient and operator demographics as well as the circumstances regarding the intubation were obtained from the CQI collection form including operator postgraduate year, method of intubation, difficult airway characteristics (DACs), and device(s) used, as well as the attempts and outcome of each attempt. Methods of intubation included rapid sequence intubation (RSI) in which a paralytic agent was used, oral intubation in which a sedative agent only was used (SED), and oral intubation in which no medications were used (OTI).
We utilized a list of DACs that were chosen because they are feasible for the operator to determine prior to intubation in an emergent setting by simple examination of the patient. These include both anatomic and physiologic DACs. The anatomic DACs that make either visualization of the glottic inlet or placement of a tracheal tube difficult included the presence of blood, vomit, or secretions in the airway, cervical immobility (intrinsic or due to a cervical collar), obesity, a large tongue, a short neck, a small mandible, facial or neck trauma, airway edema, and limited mouth opening. Physiologic DACs included hemodynamic instability and hypoxemia, which may make the process of intubation more challenging and are likely to influence the intubation plan.
We defined NIPPV failure as the need for intubation, despite NIPPV support, whether due to refractory hypoxemia, hypoventilation, work of breathing, decline in mental status, failure to tolerate the device, or a change in treatment plan at the provider's discretion. Complications evaluated include hypotension, desaturation, esophageal intubation, aspiration, airway trauma, and 'others.' For this analysis, hypotension, desaturation, and aspiration were considered to be the important complications of interest in that they may plausibly be affected by delayed intubation after a trial of NIPPV. The other monitored complications were felt to be equally likely to occur between the two groups as they are more related to the procedure and independent of the physiology. We defined hypotension as any drop in blood pressure requiring intervention such as fluid resuscitation or initiation or titration of vasopressors that occurred during or within 5 min of the intubation. Desaturation was defined as a decline in oxygen saturation >10% from the baseline during the intubation procedure. Aspiration included any witnessed aspiration of gastric contents during the intubation attempt. For this analysis, these three complications were combined into a composite complication to represent the risk of delayed intubation after a failed NIPPV trial.
The data collection forms were reviewed by the primary author for completion following the procedure. If the forms had any missing data that could not be obtained from the medical record, they were returned to the operator for completion. If information on the form contained inconsistencies, the operator was interviewed by the primary author for clarification.
The data were then entered into the electronic database (Excel for Macintosh 2011 (Microsoft, Redmond, WA, USA)) and transferred to Stata for analysis (Stata version 12; StataCorp, College Station, TX, USA).
Outcome measures
The primary outcome measured was the incidence of a composite complication (desaturation, hypotension, or aspiration) during intubation. The secondary outcome measured was the odds of death in the ICU following the occurrence of a composite complication during intubation.
Primary data analysis
Summary statistics were generated for patient, intubation, and operator characteristics using Fisher's exact test for categorical variables, the Kruskal-Wallis test, and Student's Ttest where appropriate. A propensity score for receiving NIPPV for respiratory failure was generated from prespecified variables expected to affect the decision to use NIPPV and included respiratory failure after failed extubation within the last 72 h, blood present in the airway, vomit present in the airway, obesity, hemodynamic instability, hypoxemia, and SAPS II. A propensity-adjusted multivariate logistic regression model was chosen for this analysis because it was thought that certain variables might affect both the clinician's decision to use NIPPV versus invasive mechanical ventilation and simultaneously affect the likelihood of a composite complication, thus, introducing confounding. Propensity adjustment seeks to adjust the model to eliminate this type of confounding on the basis of treatment assignment. The analysis is performed by first generating a propensity score estimating the probability of treatment assignment then performing a logistic regression adjusted for the propensity score. This has the effect of reducing the influence of nonrandomized treatment selection and, assuring that conditional on the propensity score, the distribution of measured baseline covariates will be similar between the two treatment groups [32] .
A propensity-adjusted multivariate logistic regression analysis was then performed modeling the odds of a composite complication [32] . The predictor variable of interest was failed NIPPV. Other variables that were likely to confound the occurrence of a composite complication were added to the model in a stepwise fashion and included the presence of pneumonia or ARDS, total attempts at intubation, device used for intubation, reason for intubation, and postgraduate year of the operator performing the intubation. Variables were removed if the odds ratio of the predictor variable did not change by more than 0.1. A Hosmer-Lemeshow test was performed on the propensityadjusted model for goodness of fit. An unadjusted odds ratio was calculated for the secondary outcome of interest (risk of a death in the ICU) with the occurrence of a composite complication during intubation. Descriptive statistics were performed on measured variables with reported means, standard deviations, medians, and interquartile ranges (IQR) where appropriate.
Results
Over the 18-month study period, a total of 287 patients were intubated. Five patients were excluded due to cardiac arrest, and 47 patients were excluded for incomplete data. Of the remaining patients, 125 patients were intubated after failed NIPPV and constituted the failed NIPPV cohort. Of these 125 patients, 28 patients were given a trial of NIPPV for respiratory failure after extubation within the preceding 72 h. The remaining 110 patients were intubated without a trial of NIPPV and were selected for comparison. Table 1 summarizes the baseline patient and operator demographics. There were no differences in age or gender between groups. There were few differences in difficult airway characteristics between the two groups. Fewer patients intubated after failed NIPPV had blood present in the airway (7/ Patients that failed NIPPV had significantly lower severity of illness scores (APACHE II, APACHE IV, and SAPS II) than the group that was primarily intubated (p < 0.001, Table 1 ). The SAPS II score demonstrated the largest difference between the groups with the median score and mean predicted mortality being 38% and 29.4% in the failed NIPPV group versus 46.5% and 41.6% in the primarily intubated group (p < 0.001). Of patients intubated after failed NIPPV, 64% (80/125) were intubated for hypoxemic respiratory failure compared to 45.5% (50/110) of patients intubated primarily, p = 0.006. Nearly half of patients intubated after failed NIPPV (49% (61/125)) were intubated for either pneumonia or ARDS, whereas only 31% (34/ 110) of patients intubated primarily had pneumonia or ARDS, p = 0.008 (Table 1) . For the patients treated with NIPPV, the location of NIPPV initiation was the emergency department in 11.6%, the ICU in 77.7%, and the general medical ward in 10.7%. The most common reason for initiation of NIPPV was hypoxemia (55.9%), followed by hypercapnea (25.4%), and increased work of breathing (8.5%) ( Table 2 ). The reason for intubation as selected on the data form was different between the two groups (p < 0.001). Most notably, 91.2% of the failed NIPPV group were intubated for respiratory failure versus 62.7% of the primarily intubated group. The primary intubation group was intubated more often than the failed NIPPV group for airway protection, hemodynamic instability, and severe acidosis (26.4% vs. 6.4%, 5.5% vs.
0.8%, and 3.6% vs. 0.8%, respectively) ( Table 2 ). There were no significant differences in the method of intubation, number of intubation attempts, or the PGY level of the operator between the two groups ( Table 2 ).
The first attempt success rate for primary intubation patients was slightly higher, but not statistically different (77.3% vs. 69.6%, p = 0.24) ( Table 3 ). There were no significant differences in the mean number of ventilator days (primary intubation 7.85 IQR 3 to 9, failed NIPPV 9.0 IQR 3 to 10), number of ICU days (primary intubation 11.5 IQR 5 to 15, failed NIPPV 15.1 IQR 5 to 16), or mortality rate (primary intubation 35.5%, 95% CI 26.3 to 44.5; failed NIPPV 29.5%, 95% CI 21.5 to 37.7) ( Table 3) . Table 3 demonstrates the complication rates between the two groups. There were no statistically significant differences in rates of hypotension (primary intubation 27.3%, 95% CI 19.2 to 36.6; failed NIPPV 32%, 95% CI 23.9 to 40.9) and desaturation (primary intubation 23.6%, Reason for intubation includes airway protection in which the patient is unable to protect the airway from aspiration of secretions; respiratory failure, which includes all etiology of respiratory failure; patient control which is defined as agitation, danger to self, or to facilitate evaluation/procedures; hemodynamic instability, which is defined as shock and severe metabolic acidosis. NIPPV, noninvasive positive-pressure ventilation; RSI, rapid sequence intubation; SED, sedation-only intubation; OTI, orotracheal intubation without medication; PGY postgraduate year.
95% CI 16.1 to 32.7; failed NIPPV 32%, 95% CI 23.9 to 40.9). There were no differences in rates of aspiration (primary intubation 1.8%, 95% CI 0.2 to 6.4; failed NIPPV 1.6%, 95% CI 0.2 to 5.7) or the number of patients with more than one of the above complications (primary intubation 10%, 95% CI 5.1 to 17.2; failed NIPPV 12.8%, 95% CI 7.5 to 20) (Table 3 ). There was no difference in the percentage of intubations with a composite complication when patients failed NIPPV in <6 h (54%) versus >6 h (49%). The unadjusted odds of a composite complication (desaturation, hypotension, or aspiration) was 1.5 (95% CI 0.90 to 2.51). The propensity-adjusted multivariate regression analysis demonstrated that the odds of a composite complication in patients who fail NIPPV was 2.20 (CI 1.14 to 4.25) when corrected for the presence of pneumonia or ARDS and factors known to increase complications of intubation (total attempts and operator experience) ( Table 4) . The Hosmer-Lemeshow test demonstrates a good fit to the model (0.87). When a composite complication occurred, the unadjusted odds of death in the ICU were 1.79 (95% CI 1.03 to 3.12).
Discussion
These results demonstrate an increased risk of a composite complication associated with the intubation of critically ill patients who have failed NIPPV compared to patients intubated primarily without a trial of NIPPV. After controlling for potential confounding variables including a diagnosis of pneumonia or ARDS and factors known to increase complications of intubation, such as the number of attempts, operator experience, and the likelihood of being placed on NIPPV, there is an increased odds of a composite complication (hypotension, desaturation, or aspiration) when intubation is delayed due to a trial of NIPPV. When one of these complications occurs, these data show an association with increased unadjusted odds of death in the ICU. This is the first such association described in the literature and suggests a possible mechanism for the cautions raised by previous authors for the use of NIPPV in mixed respiratory failure [2, 14, 15, 17, 22, 23, 33] . Schnell and colleagues recently reported an increase in NIPPV use over a 15-year period for patients with respiratory failure requiring ventilator support and found that while NIPPV use increased over that time period (42% by 2011), NIPPV failure was an independent risk factor for mortality [2] . Only patients with acute on chronic respiratory failure showed a 60-day mortality benefit from the use of NIPPV, which has been demonstrated in other studies as well [7, 21] . Most notably, Schnell et al. found a trend toward increased mortality in immunocompetent patients with respiratory failure, especially in hypoxemic respiratory failure, which has a high rate of intubation and a higher mortality when intubation is delayed by a trial of NIPPV [2, 23] .
Patients with acute hypoxemic respiratory failure treated with NIPPV require intubation in 30 to 84% [2, 15, 22, 23, 33] and have shown a higher mortality in some studies [15, 17] . Gristina et al. found that NIPPV success decreased mortality (36%) in hematologic malignancy patients with acute lung injury compared to primary intubation (50%) [20] . However, intubation after failed NIPPV portended a 74% mortality rate. Although NIPPV has been successful in reducing intubation rates and mortality in patients with COPD exacerbations, NIPPV failure requiring intubation in this patient population has recently been shown to be associated with a 61% higher odds of mortality than COPD patients intubated primarily [1] . An Agency for Healthcare Research and Quality (AHRQ) report suggests that NIPPV should be used very cautiously, if at all, for respiratory failure not caused by COPD or CHF [14] . The question remains regarding the mechanism mediating the increased risk of death associated with NIPPV failure. Our study suggests that an increase in intubation complications may at least partially explain the increased mortality. Reintubation for respiratory failure after failed extubation has been associated with higher complications and mortality than patients with a successful extubation [14, [34] [35] [36] [37] [38] [39] . Additionally, mortality worsens with longer delays in reintubation [34, 38, [40] [41] [42] . While NIPPV can reduce the reintubation rate in this population, failing NIPPV worsens prognosis, significantly delays reintubation and worsens mortality compared to earlier reintubation [18] . Esteban et al. evaluated NIPPV after extubation and found that patients that improved with NIPPV typically improved by 2 h, while patients that required reintubation were intubated at 2 h and 30 min [13, 18] .
Regardless of whether NIPPV is used or not, the intubation of critically ill patients poses an increased risk due to the complex anatomy, physiology, and limited reserve of these patients. Consequently, higher complication rates occur in these patients, including significant hypoxemia in up to 44% and cardiac arrest in 1 in 50 [28, [43] [44] [45] [46] [47] [48] . There is significant interest in methods of reducing these risks such as prolonging safe apnea time and preventing desaturation during intubation, including using NIPPV for alveolar recruitment in hypoxemic respiratory failure [49] [50] [51] . Positive end-expiratory pressure (PEEP) with the use of NIPPV can be useful for pre-oxygenating patients with shunt physiology prior to intubation [49] ; however, our results show that delaying the intubation by using NIPPV may increase the intubation risk. Although NIPPV may improve pre-oxygenation, Delclaux reported a concerning number of patients with cardiac arrest upon intubation [16] .
There are several important limitations to this study. The most important is the retrospective nature of the data collection. We attempted to mitigate this effect by adjusting for the likelihood of being placed on NIPPV and controlling for potential confounding variables that would increase the odds of a complication during intubation. While we attempted to adjust for the likelihood of being placed on NIPPV, only a randomized controlled trial will be able to answer this question definitively. For example, failed NIPPV can occur from poor patient selection with a high severity of illness or worsening of the disease with time while on NIPPV. We attempted to control for poor patient selection by including severity of illness in the propensity score; however, this may not completely account for the bias. The propensity score for receiving NIPPV was generated from variables expected to affect the decision to use NIPPV. There may be variables that might have contributed to the decision to use NIPPV that were not captured, such as the treating physician's impression of the etiology of respiratory failure or the potential for difficulty with intubation not explained by the recorded DACs.
Selection bias may account for a difference in outcomes, particularly if some patients were selected for a trial of NIPPV because of predicted difficulty with intubation at the outset. Additionally, we examined all patient deaths in the ICU in the outcome. We feel that this is a more accurate representation of the risk of death, rather than excluding the patients where care was withdrawn given the variability in the decision to withdraw care and its expected dependence on clinical course. By nature of the dataset being patients that were intubated either primarily or after failed NIPPV, patients with a 'do-not-intubate' order related to their goals of care were naturally excluded. Lastly, the patient population these data were selected from were all patients intubated in the ICU, not all patients placed on NIPPV. Therefore, the success rate of NIPPV in our setting is not available. This is likely the explanation for the high percentage of NIPPV failure intubations due to hypoxemic respiratory failure. While these data show the presence of an association, they should be viewed as hypothesis generating and highlight the need for a randomized control trial to definitively examine the relationship between NIPPV failure, intubation complications, and mortality.
Conclusions
These data show that intubation following failed NIPPV for acute respiratory failure is associated with increased odds of a composite complication (desaturation, hypotension, or aspiration) compared to patients intubated without a trial of NIPPV. Our findings highlight the pressing need for a rigorous investigation into the optimal use of NIPPV. Until data from prospective trials are available, early intubation and mechanical ventilation should be considered in any etiology of acute respiratory failure with a high rate of NIPPV failure, such as pneumonia, ARDS, or extubation failure.
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